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i« INTRODUCTION

.

A geologicar formation in Northern Minnesota, lknown as the

Duiluth Gabbro complex containg a s%gnificant.aqount of the W;?

NI e s

countries domestic copper resources, and possibly the world's

largest nickel resource (1)« Copper-Nickel minineg will

s ]
St

probably be taking place in this area on a large scale

within the next decade. (The location of the ore deposits

is shown In Figure 1). This report is of =ome work I have.
been doing with the State of Minnesota Environmental Quality
'Céuncil°s Regional Copper-Nickel Study. The purpose of this
Regional Study is to obtain baseline data for the region
which‘will potentially be affected by mining, and too
determine what affects mining may have on this area. All
aspects»of“ﬁdtential impact are being investigated. These
include physical, chemical and biological monitoring of the
water, terrestial and air environments as well as studies on
ﬁhe health, social and economic impact to the population in
fhis area, Also included is the technical assessment of the
mining methods which may be employed, and the quantity and
quality of ore in the region. '

The work I have done involves the characterization of a
watershed in this region which has already been 'influenced
by the mining of taconite, and will probably be directly

affected by Cu-Ni mining. I have used the water analysis
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done by %hé U.SGGeoiogicai Survey (USGS), the Invironmental
Quality Council (EQC)9 American Metals Climax (AMAX) and
Reserve Mining Company, and have attempted t@ determine any
impacts this watershed has recieved from the operations of
the taconite mining. Thig type of study is necessary in
obtaining baseline data for the Cu-Ni study, and in the
assessment of any future impacts by the mining of Copper
and Nickel within this watershed.

4

The water guality of a watershed which has been influenced

by taconite mining for 25 years has been compared with an
undisturbed watershed nearby. A continuous monitor downstream
fromn the mining operations has shown peaké in the conductivity
of the river during periods of low flow. These peaks occcur

2 to 3 times a week and last from 8 hours to several days.

The flow pattern of the river shows peaks corresponding to

the conductivity peaks, however these are evident during

high flow as well as low flow. The downstream concenirgtions
of chloride, sulfate, calcium, sodium and potassium are
significantly higher than upstream, while the control
watershed shows no differences in these parameters. While

the mine is operating, it is necessary to pump the basins
where they collect water from réinfall, runoff and ground-

water secpage. They generally pump 2 to -3 days a week for /Af2?24ﬂﬂf‘“
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periods of 8 hours or more until the basin is empty. The

mining discharges have a sipnificantly higher conductivity

than the upstream sampling sites, and also higher concentrations
of chloride, sulfate, calcium, sodium and potassium. The
concentrations and Qonducﬁivity however, are not significantly
different from the downstream monitor. It is concluded

that a specific mining discharge several hundred feet from

the monitor 1s responsible for the observed peaks. Other
impacts ihe'miﬁing-operation has on the watershed are discussed,
~as are the potential impacts from a Copper-Nickel mining

operation., ‘ | |

2e¢ BACKCROUND ON COPPER-NICKEL

£.1 History

The coppermhiékel reservés in this area have been sugpected
for.a long time, but were not accurately'identified until
1953, when the U.S. Bureau of Mines completed three diamond
drill holes (2). Thig is the method used to investigate the
guality, and make estimates on the quantity of any ore in a
given area. They concluded there was a significant volume
of Copper-Nickel mineralization of low or marginal grade.
Several years earlier, in 1951, International Nickel Company
Inc. (Inco) had indicated an interest in sampling the ore for
potential mining in this area. By 1967 200,000 acres of‘

federal and state land were held by mining interests. The
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elosencss of these operations to the ‘Boundary Watérs Canoe
Area (BWCA), and the increased interests of the mining
companies created a great deal of public interest, and in

1.972 Governor W. Anderson appointed an Inter?Agency Copper-
Nickel Task Force to review possible impacts (3). This task
force included members from the Pollution Control Agency (PCA),
the Minnesota Départment of Nétural Resources (MDNR)p and
public ;nuoweat groups. later in 1972 the MDNR published

a report entltledg "Pogsible Environmental Impact of Base=
Metal Mining in Minnescota". In January of 1973 they published
“Inter-Agency Task Force Report on Base Me tal Mining Impacts”
(2); In this report they included lnformaiwon Trom USG%

- KinY f«wb
invegstigations which estinmated 6. @@uon of erude ore/@er
égntained‘wiﬁhin the Duluth Complex. A numbcr of 1mp0rtant
recommé;dations came out of this report. They recommended that
the task force continue there study, and that explbration
and developement of minerals be encouraged, They also
Stressed the need for a pre-operational monitoring program,
and a study of potential impacts of the various mining
processes. These include exploration, developement, benefic-
fation (which includes crushing, concentrating and dewatering),
pyrometallurgical extraction (which includes roasting, smelting,
and converting), refining, ancillary operations and

termination. They also presented a comprehensive list of

possible environmental impacts which should be investigated.
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The task Torce also'recomménded consideration of the ‘
cconomic benefits of a short-term mining operation, and

whether this would exceed the long~term impact to the public,

and especially those supplying services and facilities to the
mines. The social risks involved with the large influx of
workers including employement, land use, public services,

and recreation were mentioned, and the need for posi- )

operational monitoring was pointed ouvt.

“In August of 1974 Ronald Hayes, working with the Pureau of

Mines published a report called "Environmental, Economic, and )
Social Impacts of Mining Copper-Nickel in Northeastern
Minnesota" (1). This report estimated that the Duluth . 5
| ?imfzf&.
Gabbro formation had an average ore grade of 0.85 percentx
Cu~Ni, and could supply the U.S. copper and the world nickel
demands for 20 years. He algo discussed several of the

nining methods being considered, and the impacts they each

wmay have.

In October of 1974 the EQC voted to require a reglonal

A <

and

environmental impact statement (4), and in 1975 contracts

‘were obiained from the DNR to do the biological studies,

7 7 -
. . ° ° . W R A
from the PCA to do the water and alir studies. These agencmej/”“‘ ) 5
are responsible for data collection and baseline monitoring./

Two exceptions to this divisgion of duties are; the leachate

study which is being done by the DNR, and the bioassay work
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which ig being done by the PCA, The EQC then hired its own
stalf, and in March of 1976 began administering the
monitoring programe.

fhe U.S. Forest Service hag also been involved in this study.
When Inco applied for permits in the Superior National Forest,

+the Forest Service was given the responsibility for preparing

-t

e,

mpact statements (). By May of 1975 the Forest Service
disdontinued their monitoring program, because agreement
with Inco had not been reached.

fhe current input from the Forest Service is 1imi?ed9 and
that from the PCA énd DNR is only in terms of personnel,
Although both agencies have a liason person to work with the

Cu-Ni study, very little contact is taking place.

2aoe Regional Study

The érea.inciuded in the Reglonal CoppermNickel Study is
shown in figure 2., The MINESITE Study area is approximately
550 square miles located in St. Louis and Lake Counties in
Northeastern Minnesota., The MINESITE Project was developed
by the Minnesota DNR +to aid in developing environmental
resource management programs (5). It is a computerized
mapping project, which has become integrated within the
Regional Cu-Ni study (3). The role of this regional study
ig that of a neutral group of experts, whom will assess any

impacts that Copper-Nickel mining may have on this reglon,
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and communicate these results to all interested parties (6).
The geological sampling and the mine modeling ig being
carried out by the technological assessmeﬁt group. This
group is investigafing the possible mining me{hods being
considered for use in Minnesota and how the various stages

of each method may alter the environment.

The physical éciences team is studyiﬁg both the atmosphere
and hydrosphere. These areas are further divided intos
meteorology and ciimatologyg noise, rivers, lakes, surface
water and surficial hydrology and metal pathways study(?)@
Attenpts are being made to describe the physical sétting for
a1l organisms within the sﬁudy area, and to determine which

areas may be most affected by copper-nickel mining.

The biologiéai sciences are divided into aguatic and
terrestrial systems. Each area is attempting to characterize
all the organisms present, their relationships to one another
and the environment, and how these relationships may be

gltered by mining. This areé also includes the environmental
health studies which is working closely with the State Health
Department and the Epidemiology Department at the University

of Minnegota. They are attempting to determine the health
significance of specific elements found in the ores already
sampled in Minnesota, as well as.the health problems associated

with other copper-nickel mines throughout the country.
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Phe sociocconomic group is relying on information obtained

from the psecent and expanding taconite industry, and will
&Sseés what impacts the copper-nickel mining will have on

this region. The areas they are investigatihg include land
use, community impacts, energy trends and econonic effects on
the people of Northeaétefm Mirmesota., A recent publication

by King and Kreisman (6) has summarized the areas which will

be investigated and the objectives of this study. (See Table 1)

Table 1. Objectives of the Environmental Quality Council
Regional Copper-Nickel Study *

’

Objective 1. Reglonal Impact Assessment

STUDY SPHERE STUDY DISCIPLINE
Geology bedrock geology minerology
(Lithosvhere surficisl geology hydrous minerals
Atmogphere alr quality . noise
o g meteorolomy _ orecinitation chemistry
Water Resources groundwater -hydrology, quality
(Hydrosohere) surfoace water hydrology, auality
Aquatic Lire decomposers invertebrates
{(Aquatic biosvhere) aguatic vegetation fish
Terrestrial Life soil . reptiles
(Terrestrial biosphere) vegetation . birds
insects mammals :
amphibiansg human health & gsafety
Soclio-economic sphere energy demograpny
comnunity profiles economics
. taxes land use

Objective 2., Communication of Results

Governmental Minnesota EQC Legislature

. Legislative Committees State Agencies
I . Federal Arenciles Local/Regional Govern,
;qust?{gl ALAY, Erie; Inco, Recerve ete.
Scientitic ﬁcademic ~ University and college researcners

rency Scientists Privat nvanie
Environnmental Cﬁiﬁfkcgfi:?io% 1j??§ }%lVdie CEERAnIRS
Ylro h alition, .PLRS ete,

Public General ubtlic and News liedia

¥Taken from King and Kreisman (6).
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3o DU\H’A RIVER WA WATERSHED

The worlk I have bcen doing is on the Dunlka Rlver This
watershed is a distinct hydrologic unit drajnlng 53 .square
miles (8), and is bounded by the Laurentian Divide on the
south and West, with all bhe water flowing north into Birch
fake, TFrom here the water flows into. ihe Kawishiwi River
which is the major river north of the divide. This water

then flows through a chain of lakes in the Boundary‘Waters
Canoe Area, and eventually into the Hudson B&y drainage
systems

The bearock geology of this region congists of gabﬂro in the
Souﬁheast to Virginia slate and Biwabik iron formation‘in

the Northwest. Outcroppings of.bedrock are light throughout
the ecastern half, being slightly heavier iﬁ the South. More
and larggr outcroppings occur in the Southwest quarter of the
watershed. The surficial geology is primarily bogs and
glacial outwash. There is peat deposition to an average | L”%&UQ‘F)
depth of 13 to 15 feet. The entire watershed is potentially
a surface aquifer., The topography rangeé from 1500 feet at
the mouth of the Dunka to 1720 feet at the Laurentian Divide.
As can be seen in figure 3 %hé southern end of Erie mining
companies open pit is in the watershed, and the Northeastern
portion of Reserve mining's Peter-Mitchell pit. Reserve
appropriates water from the Dunka river, and has four

discharges into it or tributaries of it. It also appears
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that water is being lost from the Dunka by seepage into
frie's pite

F.1 Dunka River Water Quality

This investigation began as a result of peculiar peaks
accﬁring on the USGS conductivity recorder at the Cu-Ni
ganpling station D-i. (see figure 3). The goals were to
characterize these peaks, attempt to identify what is causing
them, and 'determine the overall effects of mining on this

watershed, as compared to an undisturbed watershed.
3¢8.1 Conductivity and Flow Patterns

X began by plotting hourly conductivity data at the D-1 site
from March through August 1976, During the first three
weeks of March the conduétivity peaked nine times. The
baseline appeared to be about 250 - 275 pmhos/cmg'and the
peaks raﬁged‘from 390 to W65 pmhos/cm.. The first peak lasted
about 68.hours9 while all the others 1asted_from 8 to 10
hours, One more moderate peak (350 yumhos/cm) occured on
Maxrch 23, and the conductivity then gradually dropped until
it veached 60 pmhos/gm on April 9th. It was very constant
throughout April, and then began gradually rising again in
May. By May 2hth it had reached 225 pmhos/cm, and pealks
then occured on the 26th, 27th, and 29th. Three more peaks
occured in the first week of June ranging from 350 to 405

ymhos/cm, and a single peak of 360 pmhos/cm lasting for 3 days
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occured during the second week, The cgnductivity was very
irregular throughout the remainder of June dnd the first

week of July. The values ranged from 75 to ZOO'}lmhos/cme
This may be a seriles of smaller peaks, but they would be
LAifficult to identify. Throughout the rest of July and the
first part of August peaks occured regularly. The baseline
appeared to be about 150 to 200 pmhos/émg while the peaks
ranged from 400 to greater than 520 pmhos/cmg which was the
~1limit of the scale. There were 8 peaks occéuring in the last
three weeks of July; éome lasting several days. These were
much more irregularly shaped, and of a much greater magnitude
~than those occuring earlier in the year. Data was available
through the first five days of August, at which time the
eonductiviﬁy.wag still dropping from the last peakvwhich
occuredkon'ihe 31st of July.

The peaks throughout the enﬁire period studied, began shortly
after noon, and appeared on all days of the week ( no

particular days seemed to have more peaks than others).

I then compared the conductivity data available from monthly
samples at the four AMAX sites, and the two Cu-Ni sites. (See
Tigure 3). These are shown in figure 4, and table 2. The
dowest values found are thoge upsfroam where the watershed

Ig not affected by any wining activity. The highest values
are found at the AMAX S-2 and S-3 sites on Langley Creek

which receives 3 of Reserve minings discharges. The sample
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Pable 2. Conductivity in npmhos/cm of the Dunka River -
2 SE

sample site mean range  std. dev., fgamples SEN Q5% CT

;)';i 301.5 58-680 203.7 11 61.7 165,.6-437 .4
AMAX S-7 274 60--600 179.5 Q . 59.8 138.,6-409.4
AUAX S-2, S-3 L6k 170-880 187 .4 18 .2 371.1-556.9
Dw‘ZJ‘ AMAX S-6_ 106 133-350" 85.5 19 23.8 glt, 7157 .3

gtations downstream from Langley Creek showed intermediate
/J@ﬁq,m\ /«f o

values, possibly indicating a dilution of the Langley water.
However the D=1 samples did at times record values higher
than Lengley sites, indicating there may be some influence

on thé mean conductivity from Reserve discharge number 001,
. ! . \
To determine whether the differences between the sanpling C
o . . ¢ s N . , 6‘1\/)4({3% 12
sites is significant, I have determined the standard error ,
r !\ Lt 3

of the mean (SEM) using the standard deviation divided by the

square root of the number of samples., Using a 95% confidence @ i
[§ ~
\\(bf)/ﬂc./ Y

interval obtained from a t-table, I then determined if the
- values from different stations overlapped. If no overlap
occurs, the differences are significant at the 95% confidence

level.

For the Dunka river conductivity, the samples taken at D-1,
S~7, and Langley Creek are not significantly different. The
D-2 samples, however are significantly different from D-1, and

from Langley Creek.

To determine whether these fluxuations are naturally occuring

in a stream, I have looked at the conductivity of an
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andisturbed watershed. The Stony River watershed (see fig. 2),
is nearby, has a continuous monitor, has been sampled at

approximately the same times, and is undisturbed by mining
. or other industries.

The hourly conductivity of the Stony Ri&er dces not show

the peaks observed in the Dunka, and the variability is much
less. However there is a significant increase in the mean
dovmstream conductivity from that upstream. Table 3 shows
the conductivity in umhos/cm of the Stony river both upstream
and downstream as obtained from the bimonthly samples éf the

- Cu-Ni study.

Table 3. Conductivity in umhos/cm of the Stony River

| o 2 SEM
gample site  mean range std. dev. #samples SEW o5g CT
downstream 77.0  39-150 32.2 16 8.1 60.0-94.1
(SR-1)
upstrean 43,9  30-70 14,1 .9 5.3 31.3-56.5
(SR-5) .

The 95 percent confidence intervals do not overlap. This
would indicate that the runoff from the watershed or some
other natural occurence has some influence on the increased

conductivity downstream,

I then obtained the hourly flow data from the USGS monitor at
D-1 and plotted this against the conductivity at different
times of the year, Several sectlons of this are showm in

figure 5. During periods of low flow, the flow pattern

U,
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~cublec feet per second (cfs), however when measured during a

g Q-

shows the same peaks as the conductivity, preceding them b/ AfﬁAb /é»,

onc or two hours. In the first three weeks of March the /]

daily flow reported by the USGS is generally from 2 to 5

peak it reached values as high as 16 cfs. The flow increase
rapidly during spring runoff, reaching 140 cfs by the end of

March. Tt continued to increase until the second week of

[a)

April when it reached 380 cfs and then began dropping off bMQ

the last week of April. This gradual drop continued until

A o f2a

e, J-:Jh.tﬁu’f
. -

the 25th of IMay when 8 cfs was flowing, and at this time the |

conductivity peaks appeared again. The flow remained low

o

{2 to &4 cfs) through the first several weeks of June when

Qoo

conductivity peaks were occuring. Rainfall in June increase

’

the Tlow to about 130 e¢fs and then it gradually dropped to

less than 10 ¢fs in early July. Because of the exceptionally L%yamuw
1 e’ ('l'hfv,b,"
I,?:o ’JL/:’Y::‘)\, A

29

dry year, less than 1 c¢fs was flowing by the end of July and
fﬂvww’::r""' 2
early August when the large conductivity peaks were occuring.

Pigure 5 shows that during times of high flow the conducti&ity
ghows a straight line while peaks in the flow still appear to
be occuring several times a week. An estimate of the volume
of one of the small peaks in figure 5, shows it contains
approxinately 1179000 gallons of water. Many of the larger

peaks contain considerably more.

A comparison of the flow and conductivity patterns between
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Pipure 6, Flow and Conductivity Patterns of The
Dunka and Stony Rivers, 1976
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the Dunka and Stony rivers (see fipure 6), shows that the
Dunka exibits a great deal more variation in the conductivity.
This 1ls at least partially due to the low flow of the Dunka

{ at times there was zero flow), but may also be influenced

by the increased conductivity in the peaks occuring at times
of low flow. The low flow alone does not appear to be able
to account for the large variation observed, because the

® © Lo
-

Stony shows little variation in conductivity even during its
low flow.,

(3

3.1.2 Composition of the Conductivity Peaks

To determine the composition of the conductivity peaks, I
first compared the samples obtained from each of the stations
on the Dunka river, and chose thoge parameters showing the
most marked differences between D-i and D-2. These included
chloride, sulfate, calclum, sodium, p@tassiumg.ahd possibly
magnesium and nitrates. Tables &4 through 10 show the values
obtained for these at each of the four locations in the Dunka
river watershed. The differences between Dél and D-2 were
not significant for Mg and 1\2’(‘)39 while Cl, SOQF Ca, Na, and

K all showed significant differences in the 95 percent
confidence intervals. The intermediate stations generally

show values higher than D-1 or ntermediate beltween D-~1 and

m“'z‘-
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Tfable B, Concentration of Chloride in the Dunka River (mg/1)

D2,

2 SEM
gample gite maan ronge  std.dev. #samples SEM 95% CT
39.5 5.1-88 30.7 5 7:9 4265w56e
AVAY S=7 33053 6--69 3243 3 18,7 «0-113.6
AMAX S-2, 8-3 49,3  29-81 20,2 6 8.y 27.7-70.9
ANAY §-6 2.0 «1.0-4.0 0,99 8 0.35 1,2-2.8

Table 5. Concentration of Sulphate in the Dunka River

(ng/1)
2 SEM

sample site mean ronge  std.dev. #sampleg SEM 055 CI
D-1 26,1 5.3-70.0  23.3 15 6,0 15.2-41.0
BMAX 57 8605 558 19,2 8 6.8  0.5-32.5
AMAY S-2, S-3 23 §-68 16, 16 b1 1l.3-31.8
D-2. AMAX.S-6 5.1 ¢1,0-11 3,1 12 0.9 3,571

Table 6. ConcenbrlLlon of Calcium in the Dunka Rlver (mg/1)

sample gite mean range gtd.dev. #samples SEN 9%@QE¥
et 32,0  3.8-84 26,0 10 8.2 13.4-50.6
AVAY S- 7 ‘.~~23 ” 6-36 15,1 3 8.7 <0-59.5
ANAX S-2, S-3 34,8  22-42 8.l 6 3.4 26,0-43.6
D-2, AVAX S-6 6,9  3.1-10.0 2.8 5 1.3 3.4-10.4

Table 7. Concentration of Sodium in

the Dunka River (mg/1)

gsample site mean range std.dev., #sambleé SEM 9?7822
D~ 13,4 0.5-35 13,6 10 4,3 3.7-23.1
ANAX S=-7 15.2 2,435 17,4 3 10.1  <0-58.6
- AMAX S-2, $-3 20,3 8-38 13.2 6 5.4 6.5-34,2
D-2, AMAX S-6 1.8 0.9-2.7 0.8 5 0.36 0.8-2.8

Table 8. Concentration of Potassium

in the Dunka River (mg/l1)

sample gite mean range  std.dev. Jsamvles SEM 92%56%
D-3 2.6 0.7-5.2 1,6 0 0.5 1.5-3.8
AMAX S-7 2.6 0.b4~5.5 2.6 3 1.5 <0-7.4
MAX S-2, S-3 4,2 2.3-6.3 1.8 6 75 2.3-6.1
D-2, AVAX S-6 0.5 0.4-0.8 16 5 <07 0.3-0.7
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Table 9. Concentration of Magnesium in the Dunka River (mg/1)
: 2 SEM

ganple site mean  range std.dev. #samples SEMN 95% C1
Ell 18,2  3,9-68 19,4 10 6,1 L.3-32.1
ANAX S-7 12.2 Nh.6-18 6.9 3 - h,0 <0-24.9
ANMAX S-2, S-3 15.3 1119 369 43 2,0 9.9-20.7
D-2, ANAX S-6 5.4 3.2-7.6 2.k ot 1.2 2.1-8.7
Pable 10. Concentration of Nitrates in the Dunka River (m%4l)
sanple site mean range std.dev. fsamples SHEM - 9%%50?
D1 L 3.7 0.16-13 5.2 8 1.8 <£0-7.9
AMAX S-7 1,0 <£0.,1-2.8 1.6 3 0.9 €0-3,9
AVAX S-2, $-3 1.6 <0.1-5.0 2.1 6 0.9 <0-3.7
D2, AMAX'S-6 0.27 20.1-0.6 0.29 3 0,17 <0-0,8

Té determine if the changeg occuring from the upﬁtreaﬁ site
(D-2), to the downstream site (D-1) were. due to natural
oceurences within the watershed, I again iooked at the Stony
river@rrThe data from two sites on the Stony river are shown

in tables 11 and 12.

Table 11. Downstream Stony River (SR-1)

. 2 SEM
ng/1 mean range std.dev. #samples SEM 95% CI
Cl 1.9 1.8-3,7 0.74 15 0.2 1.5~2.3
S0y, 6.2  2.7-8.6 1.4 16 0.3 5.5-6.9
;A 10.3 3.0-22 6.9 11 2.1 5.7-14.9
Na 1.7 0.3-3.1 0.6 11 0.2 1.3-2.1
K 0.6  0.4-0,7 0,1 11 <03 .53-,67
Mg 11.8 2,037 i2.5 11 3.8 3.5-20.1
NO., .08 0--.28 .09 9 .03 ,01-.15

=3
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Pable 12. Upstream Stony River (SR-5)

. 2SEM
me/L mean __range  std.dev. #samples SEM 95% CT
i 1.8  1.,0-3.3 0.8 7 0.3 1.,1-2.5
S0y 7.2  6.6-9.0 Lol 7 0.5 6,0-8.4
Ca 7,0 2.5-15 5.6 3 2.8  «0-14.8
Na 1,15 0.04-1.7 0.6 1y 0.3 035-2.0
K 0.8  0.6-0.9 0,15 It 08  ,6-1.0
Mg 2.0 1,8-2,9 0.6 3 .35 1.3-3.5
No, 13 .02-0,9 0.15 3 09  £0-0,L

The 95 percent intervals, determined from the SEM show no
sig Liflcanu dlfference between SR~ 1 and SR-5 for any of the

seven paramneters tested.

The variation observed in the Dunka river is primarily due
to large value obtained during periods of low flow. This
does not occur in the Stony river system. Appendix I shows
‘the yeafly flow pattern for the two river systems, and the
variation occﬁring in chloride, sulfate, calcium, sodium,

and potassium.
3¢1.3 Source of the Conductivity Peaks

Observations of the Dunka watershed, have shown that the only
discharges into this system are from Reserve mining company's
Peter-Mitchell pit. Erie mining company's Dunka pit is
partially in the watershed, and dust emmissions may lnfluence
the water quality, but they have no direct discharges.

There is also the Lindy oxygen plant located upstream from




the AMAX S-7 site, however they have

Data from Reoezve’s discharge

no apparent discharges.

s was obtained from permit

applications to the National Pollutant Discharge Elimination

System (NPDES) and Sta

te Disposal System Permit Program.

The

discharge data JTor the conductivity and the 7 parameters which

appeared to be elevated at the

13 through 16,

D-1 gite are shown in tables

O
Table 13, Water Quality of Reserve Discharge 001
| 2 SEM
mean range  std.dev. #semples SEM 95% CIT
conductivity [413.3 280-800 135.7 12 39.2 327.9-498.8
puthos/cm : |
1 mg/l Lo v 22,5-63,0 12.6 12 3.6 32.5-48.3
sy, mg/l 30,9 23.0-60M 11,1 12 3.2  33.9-U47.9
e mg/fl 33,4 22.8-63.6  10.5 12 3,0 26.8-40,0
Mo mg/l 15.7  9.4-36,6 73 i2 2.1 11.1-20.3
K g/ 3.2  2.1-6.8 i.2 12 o4 2.4-4.0
Mg mg/l 17,3 11.6-30.9 5.1 i2 1.5 14,1-20.5
mg mf’;/l 1‘!‘05 1&5""898 2@1" 12 Oa?‘ 350“600
Table 14, Water Quality of Reserve Discharge boz
2 SEM:
mnean range  gtd.dev. #somoles SEM 95% CY
conductivity |[394.6 210-500 7.6 12 22,4 345,7-443,5
pmhos/cm ‘ 4 : .
CL  mg/l 39.6 21.5-56.,7 10.5 12 3.0  33,0-46.2
50, mg/l 29,9 20.8-44,0 9.1 12 2.6 2L.,2-35.6
Ca mg/l 2,0 16.2-01.0 7,0 1.2 2.0 29.6-38.4
Na  wg/1 17.h 6.8-29.2 7.1 i2 2.1  12.9-21.9
X mg/l he3 2.48-5.23 .72 12 0,2 3,8-4,8
Mg mg/L 16,1  8.5-19.7 3.1 12 0.9 14,1-18.1
g e/l 1.2 €0.1-2.1 S6L 12 0.2 0.8-1,6
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Table 15. Water Quality of Reserve Discharge 004 |
2 SEM

mean ', rance std.dev. Jsamvles SEM __95% ¢TI
conductivity |1146.3 1090-1225  57.9 L 29,0 1065,9-1226.7
pmhos/cn \ : N
cl, mg/d 270.5 238.9-310  29.5 booo1k8 229.5-311.5 |
50, ma/l 18.6  7.5-34.4 13,2 n 6.6 0.3-36.9
Ca mg/l 113.6 105.4-120.5 6.6 Iy 3.3 104.4-122,8
Na.  mg/l © 39,9 30.,6-48. L 7.5 L 3.8  29.3-50,5
K ng/1 8. 7.1-9.5 1.1 b 0.6 6.,7-10,1
e mg/l L3001 29.3-31.8 1.2 I 0.6 28.,4-31,8
ggg mo/1 0,1 £0,1-0,13 .02 4 . 01 <0=2,9
. 3 i £)
Pable’ 16, Vater Quality of Reserve Discharge 005 ‘%W%L&iijﬁgn&%ii }
2 SEM T ©
- ‘ mnean _renge  ghtd.dev. #samples SEN 95% CI enn
conductivity | 613.8 575-680 45,7 Ly 22,9 550,2-677.4
- pmhos/cn u : —
ol mg/l 135.4 122-148 13,9 I . 2.0 116, omiiégéjf
s0, mg/L | 8.9 5.6-1h.8 4.3 I 2.2 2.8-15.0
Ca mg/l 68  59-75 7.5 by 3,8 5L4,2-75.4
Na mg/l 12,4  11.3-13.5 .89 1y 0.5 11.0-13.8
K mg/lL 3.9  2.98-k.72 .9 L 0.5  2.5~5.3
Mg mg/l 19.1 18.2-20.3 .9 b 0.5 17.7-20.5
§Q3 ne/1 £0,1 20.1 0 L - -

Discharge 001 has significantly higher éoncentratipns (95
percent confidence intervals do not overlap) than D-2 for
all parameters tested, and is not significantly different
from D-1 for any of the parameters. The other two stations,
S5-7 and Langley Creek show no significant difference from
discharge 001 except for SOM which are higher in the

discharge,
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The concentrations in digcharge 002 are significantly higher
than D-2 for all parameters except nitrates, while D-1,

-7 and Langley Creek show no significant differences.

The conductivity of discharge 004 is significantly higher
than any of the sampling stations, as is the concentration
of calcium and chloride. The concentrations of sulphates
and nitrates are not significantly different from any of the
atations. The magnesiuvm in 004 is significantly higher than
D-2, S-7 and Lengley. The potassium is significantly higher

than D-1, D-2 and Langley, and the sodium is significantly

higher than D-1 and D-2,

Discharge 005 has a significantly higher conductivity than

w

=1y $-7 and D-2. The sulphate concentration is significantly
lower than D-1, while the calcium is significantly higher
than D-1, langley and D-2. The Mg, Na and K are significantly

higher than D-2.

In order to assess the impac{ of these discharges on the
watershed, it is alfo necessary to look at the volume of

these discharges. TFor the year 1975, when these samples were
obtained, the average discharges were; 2.89 million gallons
per day (mgd) Tor discharge 001 (maximum 12,67 mgd); 2.10 mgd RN
for discharge 002 (maximunm 19°Ol'mgd); 0.22 mgd for discharge/'U#!VA%j'

00L4; and 0.28 mgd for discharge 005. (Taken from NPDES
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permit appiioationa) Although discharges 001 and 002 have
lower concel...xtions for most of the parameters, the amounts
of the particular elements that they are contributing are
higher. The other components which Reserve analyzed for

in these discharges have been summarized in Appendix IT.
None of these appear to have concentrations high enough to

be influencing the conductivity to a very great extent.

The constituents which appear to be responsible for the
conductivity peaks occurring at the D-1 monitor are primarily

chloride, sullate, calcium, sodium, and potassium, and the

source appears to be discharges from Reserve Mining.

Alﬁhough discharge 004 is significantly higher than any of

the samp@ing'stations for most pérametersg the large

distance from the monitor, and the Small volume of the discharge
make it unlikely that this would be cauéing the peaks.

Discharge 005 also has a very small volume, and the differences
in conductivity are not that pronounced for the distance

it is from the monitor.

Discharge 002 has a lérge volﬁme, is significantly different
from upstream conductivity, and is tﬁe same as the monitor

" conductivity., The distance this discharge must travel

down Langlcy Creek, and then the mixing with upstrean

Dunka water before rcaching the monitor would reduce the
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conductivity considerably below that appearing in the peaks,

Discharge 001 appears to be the likely source of the con-

ductivity peaks. The even-ness, and duration of the peaks,

¢
3

‘the magnitude of the conduc,Lv;fyp and the similarity to

the D-~1 values would suvpport this. : -

Turther evidence indicating the relationship between an {

inerease in concentrations of certain parameters and the . é@ 7$72
' “.‘ (2

conductivity peaks, are the linear regression analysis \/aﬁvviﬁf "/I
done by the USGS in 1975. The data congisted of only aZaAéf s
g
ey $ . . S - 2 Zi/ff"/ﬁ/'?
| ;Li) samples over a nine year period, and cannot be cons;dered YL

v

k;t@ be an accurate representation of what the relationships

|

are throughout the year. The correlation coefficient for )

——

chloride concentration and conductivity was 5 _0,80502, while l
. R
that for sulphate and conductivity waS\gij8729, The other
. .-‘\
parameters were not analyzed, however dissolved solids and

conductivity has a correlation coefficient of 0.86216.

To determine why the concentrations of these five elements
are elevated, and where .the discharges originate from, it
is necessary to investigate the operations at Reserve'

Peter-Mitchell Pit,

e RESERVE WINING (9)

Reserve mining which is owned jointly by Repudblic Steel
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Corporation of Cleveland, Ohio, and Armco Steel Corporation
of Middletown, Ohio, started construction on their taconite
mining facilities in 1951, They began operation in 1955 with
a capacity of 3,750,000 tons of iron ore pellets annually.

At present thelr open pif is 9 miles long by one mile wide
and they have mined Lo, 500,000 tons of ore. They are
presently mining about 90,000 tons ol ore per'day from the
Biwabik Tron Formation. This formation congsists of chemical

precipitates of iron silicates, carbonates, silica and iron

oxides,; both magnetic and non-magnetic,

The mining operation 1ls preceded by'diamond drilling which
produces core samples that are analyzed to determine the
quality gndAextent of the ore hody. Once the area to be
mined hés been established, all the vegetation is removed
with tractors. The surface overburden, which is from 2

to 25 feel thick is removed with electric power shovels at

a rate of 1,000,000 cubic yards each year. Rock stripping
then removes material up to 100 feet thick, and exposes the
ore. After cleaning up the remaining waste material, blast
holes are drilled with jet plercing machines. These use a
high temperature (4400° F) fuel oil-oxygen flame which causes
the rock to chip. Water is used to cool the burner and carry
the chips out of the hole. Reserve presently operates 11

jet picrcing machines throughout the mine, and blasts about




-
i
§

=]

00 times a year. An average blast consists of 250 holes,

38 feet in depth, and breaks appyOAJmate Ly 350,000 tons
of taconite. The explosive used ig an ammonium nitrate-based
slurry, and the holes are comnected by diagonal rows of
detonating fuse with extrémely short (5 to 17 milliseconds)
delays. Haul roads are then cleared through the blasted ore
and 11 and 12 yard capacity electric shovels load the taconite
into 90-ton and 135~ton capacity trucks. These trucks

haul the 90,000 tdns of taconite per day an average of 1.9
miles to the primary crushers. Six shovels are generally in
OPET@thM to maintain the annual produ, 1 of 30,000,000

o /\C)f‘ﬂ/ )

tong oﬁ;iiifnlh Once the ore has gone Lhrough several
erushers, it is loaded by conveyor belt into 85-ton capacity
railroad“CQEse :Abouﬁ 160 cars make up a train, and they

travel the L7 miles to Silver Bay about 52 times a week.

There the ore is processed into concentrated pellets. Appendix

CIIT shows the present extent of the Peter-litchell Pit

mining operation.

b1 Water Tlow in Peter-Mitchell Pit

The Taurentian divide crosses the m1ddle of the pit with the
water in the eastern end flowing into the Dunka River watershed,
and. that in the western end, where most of the present mining

activity isy flowing into the Partridge River watershed. The

water collects in the mine basins from rainfall, runoff,
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ground water seepaée, and drainage from lakes. During
mining operations, this water must be pumped from the basins
and 1t 1g usually punped 2 to 3 times a week for perio g of
8 hours or more at a time (9), The east end of the pit has
four primary discharge points into the Dunka River watershed

(see figure 3).

Discharge 001 contains runoff from a heavy equipment repalr
shop which contains a gteam cleaner, the mine personnel
entrance road, and a sanitary septic system for about 42 men.
This along with rainfall, ground water, and drainage from
Iron and Argo lakes ig pumped through a culvert into a
sWampy area, and natural drainage carries it into the Dunka
River severai hundred yards upstream from the D-1 monitor.
Dischargg 002 is largely surface runoff and ground water in
the mine pit which is pumped into a swamp, forming the '
headwaters of Langley Creek. There are, however, trucks

and shovels operating in this area creating dust. Discharge
005 is surface runoff from 210.3 acres, which contains a
wash and paint shop, septic system for 6 men, locomotive
fueling station, tire shop and a taconite stock pile.
Discharge 004 is also primarily surface runoff, however the
146 acres which drain here include the Number 1 crusher,
vehicle repair shops, railroad repair shop, water treatment

plant, railroad ballast plant, and Imhoff sewage treatment
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plant serving approximately 955 employees. Figure ¥ shows
the general water flow in the east end ofl the Peter-Mitchell

Pito ‘.

Ih.2 Tactors Influencing The Conductivity Peaks

The shape and size of the conductivity pezks seems to indicate
that 1ittle dispersion or dilution has taken place before
passing the monitor. Thig would imply tha@ discharge 001

is primarily respbnsible for the peaks., ILangley Creek enters
moere than 2.5 miles upstream from the monitor and this is
where the other discharges are located. Although discharges

004 and 005 have very high conductivity, the peaks robably' fh}%aé‘(

T - ¢4\
°~@&3}wu¢,
N
e " - . . L,/jﬂj‘ L
Discharge 002 is even farther away. A0 o
4

would not appear as sharp if the water had traveled that far

The discharges are a result of deﬁafering the mine pits, and
- this water has come from ground water seepage and surface
.runoff, To determine the characteristics of the ground water
in the region, I have looked at well samples taken by AMAX.
These wells were poorly constructéd and the values may not
be very accurate, however, they will serve to indicate.%he
general quality of ground water in the area. Table 17 shows
8 summary of the parameters which have appeared elevated in
the discharges. These values ha#e been obtained using 15

samples taken from 5 wells in 1975. (AMAX wells WT-3,4,6,7 and 8).




Pable 17. CGroundwater Quality of Dunka Watershed °

. 9 TF%M
mean  std.dev. #samples SEM  95%
gonductivity 333.7  200.8 15 51.9 223.1- w
Jmhos/en .

Cl mg/l 2@ 9 : 1 @ :3 35 [:] :’jjni’ 20 2""3 [ 6
50y, me/1 . 5.9 7.0 15 i.8 : 2,0-9,8
Ca ng/1 28.1 159 i5 i 19.3-36.9
Na, mg/1 3.6 i¢3 i5 ¢ 3 2eGt,3
K mg/l .68 0.3 i5 08 .20-.85
lig mg/1. 19.9 12,9 i5 3¢9 12.8-27,0
;I\;QB me /. 0.5 0.3 1.5 08 33,67

# Taken from ANMAX 1975 Summary

The conductivity, calcium and magnesium are not significantly
different from discharge 001, or sampling site D-1, however,

L.

ihey are sjgnxflcantTy higher than D-2. The concentrations
of chlorldee sulphate and pota o&luM'il the well water are
significantly lower than discharge 001 and D-i. These

parameters are not significantly different from sample gite D-2.

Othexr factors within the mining operation which may increase
the conductivity of the discharges include runoff from water
and sewage treatment facilities, drilling operations, hauling

roads and machine and repair shops

Samples taken'by Reserve during 1975 showed thatl the septic
system draining to discharge 001 had a conductivity ranging
Lrom 950 to 1030 pmhos/cm, while that draining to discharge

004 ranged from 610 to 3000 pmhos/cm,_ The water treatment
A
J
VR TN /vy P d
(. T "Z’ ,'-:(/2' & ‘ <
. 9% ‘/e / il e A / Ry

(\

A

/

/ftv,




facilities in the 004 drainage area use 2, 600 1bs. of
URESIUN and 2184 1bz, of sodium aluminate per month Lo
flocculate the suspended solids. The water is Then run
through a sand filter which is back-washed into the 004

digscharge, They also add 100 1bs. of sodium carbonate and

s P A0 8 .
/]/ Qﬁ"%f A )/V\nw{«\‘AM (R m—./\/(,e, P /% ’j /
. § R © . © P2 K . Z )/?
10 1bs. of chlorine dally. oM alazh > /

The primary factors responsgible for the increased conductivity
appear to be ground water seepage, and runoff from sewage

‘ : . s as ‘ ’/ P
and water treatment facilitlies. /QdJﬂ”%f AT

I,3 - Other Impacts of Teconite Mining

Although tho prinary purpose of this 1nvcsilg tion wag to
characterize the conductivity peaks, it is also important
to congider other changes which may be occurring in the
water quality as a result of taconite fnininge Some of the
other impacts inclﬁde; changes in stream flow, discharge
of heavy metals, and discharge of sewage wastes.

Y
' ' /{_,l)\(,l/{w
According to data from the U.S. Forest Service, Reqerve Mining

/ (WS (,,U/
appropriated 23 , 537, 37,000 gallons of water from the Dunka River k;“T”AK/
in 1975 for votable sources. Observations of the stream flow !éi.ﬁlj

above and below Erie's Dunka Pit show that water is also ‘A ﬂ/
being lost here through seepage. Inside the pit water can A“»wz,‘/y

be seen seeping through the bank, and this at times can
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. ‘A‘\ /
1ow measurements taken by the USGS ncar thn AMAX 5= L/’LMA%'
; N\ ,/1/\,10/2 P
gite and D-1 show a decrease dovmstream during low flow. \\\ '

A measurement in April 1976 reported 0.76 cfs flowing at
. o « - oS
-7 and only 0.06 c¢fs at D-1, while a November measurement | oA
. A 5 h"/",:‘
reported 1,68 cfs at S-7 and 0.30 cfs at D~1. DMeasurements 45<o 'w"j'
i L LLati.

in October during higher flow showed 9.15 c¢fs at S~7, and S g
. . i .zy/.“hjw"ﬁldfﬂ"‘x Y
9. 46 ¢fs at D-1 (10). The decrease in flow observed in gl I 7

Lpril and November is probably due to seepage. Reserve only
appropriates during times of high flow and the difference

in volume would be much larger.

Althouvgh the concentrations of heavy metals in the discharge
/ z;é_/-\ jﬂd‘) \é? }3
L A NG
ig very Jowg the actual amounts may be dign S Po U7 .

determine the amounts of some of the heavy metalslin discharge

001, I have used the average concentration (Appendix I1),

and the average daily discharge of 2.89 mgd reported in the

NPDES permit application. Some, of the amounms in an average
AT Awﬂ w /L\/-% Yoy f ¢

diS@harge afe; 14,22 grams of copper, 48.13 grams of zinc,

32,82 grams of nickel, 3.28 grams of cadmium and 1,22 grams

of lead. Even small concentrations of these metals can effect

aquatic organisms, and interactions between them can multiply

these ceffects. Estimated toxic levels of lead are from

0,01 to 0.1 mg/l, while cadmiwm can kill newly-hatched trout




and Daphnia at concentrations as low as L0005 me/1. (11)

vther constituents of the discharge may .at times reach

concentrations which are Jethal to aguatic organisms.

Using toxicity data compiled by Clarke (12), parameters in

T Reserve's discharge with a mean concentration above the

/ U‘jJ/‘V;/IL{ /{4\///\ -
RS

rdnimum knovn toxicity to fish or aquatic invertebreates

/"’}jua,«fﬁé\\ oy S -

\ \*4

// includes Na, Ca, NHEQ Mn, and Fe.

L:fm:xbmm e
t

™he large number of employees in a mining operation necessitates

S@Wage,treatment facilities on the premises. Reserve has

sewage effluents draining to discharge 001 and 004, Samples %&mﬂdﬁ.tzﬁ

of the effluent draining to 004 showed the following counts:/ /4 p “
? feﬁal‘colifbrm bacteria, 200-126,000 cts/100ml; total

eoliform bacteria, 205006m7u09000 cts/100 ml; and fecal

gtreptococel bacteria 59800w2609000 c¢ts/100 ml. These

\ counts are very high and would be of conc¢ern to public health

>

officials. A chlorinator has been installed, and is awaiting

/ permit approval from the PCA. The overall impacts on the [L:VL<“””
water quality of the Dunka River do not appear to be very
severc., The taconite mining has caused fluctuations in the

flow and peaks in the cdnductivity readings, however, these

factors appazently have not adversely affected the water

guality. g“’Lhe baseline values for the parameters of concern

_E
\ R g vy

in the discharge effluent are diluted in the river water

-t and should not be a concern for most aquatic organisms.

" bt S
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These are not necegsarily the game eflfects a coppoer re-nickel
mine would have on the area. The usefulness of the baseline
data being colleéﬁedﬁ and the necessity of a continual
monitoriﬁg program for amv mining operation can be seen

by looking at the potential impacts a copper-nickel mine

would have on this watershed.

5. Potential Tmoacts of Covver-Nickel Mining

T ST R e g v

The Uhree major effects which a minin7 0D ubwon has onoa . y ‘
. vomes Y, o N "

1 ,Auv« LAy

watershed are appropriations, dischar 505 and sewage..was 19 o

o

The stages of a copper-nickel m ining operation where

A}bﬁ /Mj}‘;

appropriations would be necegsary are deveLopmcnt beneficiating
‘and smeltinga:(i) Discharges will also occur during these
Sfageélas well ag during the mining and termination. The
quantity and composition of the disoharges will depend on

the characteristi¢cs of the ore body, mlnlng methods used, .

and hydrogeology of the watershed. (i2)

While Reserve has only been mining in this watershed and
shipping the ore to Silver Bay for processing, a coppe
nickel mine will probab]y do the processing here as well,
(‘)/l Py v ,’V‘w{
ThlS(ZE?)lesult in effluents containing heavy metals, sulphur

compounds and organic recagents.

v

The technology has been greatly improved gsince ‘the Canada
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mines began operation, and the extensivemggyinggmgnigl

e

destruction which occurred there mou)d not occur 1n anno

C e e A et 225

These do; however, serve as examples of the destruction that

‘¢an occur from lack of env1ronmen1 al concorme Heavy metal

SOZ'and acidic rains in the Sudbury area have

damaged the forests, acidifled the soils and led to extensive

emissions,

soll erosion., (13) Aquatic species diversity has been
greatly reduced in the nearby lakeg, and many have lost thelir
entire fish populationée The major chemical changes in the
water quality were seen in suspended solids, heavy metals,
total dissolved solids, pH,; hardness, sulphates and ars Pnquw

/%ﬂiSO‘jﬁhe aquatic blota were adversely aFFeoted in 19 of

22 localities investigated. (12)

e
v

These examples show a definite need to characterize any
region as completely as possible before a mining operation
begins and to continuously monitor the operations to avoid

degradation of the water quality.

6.- Conclusions

There appears to be good evidence indicating that the

conductivity peaks occurring in the Dunka River are caused

e

by discharges from Reserve Mining. The parameters most

likely responsible for this are chloride, sulphate, calcium,
N
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sodium and potassium. It is not as clear which speciflic

discharge is responsible or what aspect. of the nining operation

appears .

S
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,,,1\ ‘

i ] 3 : T g1 / /:’ Terf— f), /A Lot
18 ﬁhe dewatering of the pit which includes groundwater y 7 .

| e AS 20

seepage and runoff from sewage treatment facilities. /gﬂ/ o

may have increased these concentrations. However, it

that discharge 001 is pr )bably’ respons ibte and the source

R ——

Some of the complications in determining the source of the
discharge include: 1) most of the data available on the
mining discharges was collected in 1975, while the river
gamples were collected in 1976; 2) the samples have been
collected and analyzed by different people (ANAX, Reserve,
USGS, and the Copper-Nickel Study) and no attempt has beex
made to investigate the anajvtjcai pwocedureg uged by the
" alesp?™ APy SE S, Cuotl( 7 Lo
various Jaboramorlos, dﬂd 3) the well-water samples uzed f

t
were collected poorly. and may not be an accurate representation '@ f
' /

w3
. R I Y
of the groundwater in the area. 6}@¢ PAR «ﬂw/ ya\§°fy
N S 6
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Comparisons with the Stony River, an undisturbed watershed, |, AA7 v
3 H s Le Dy
have shown that the baseline conductivity appears 1o increggel- =7
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dovmstream due to natural conditions. However, the specific N
Parlwebers responimble for the conductivity peaks show no e forne
such(increase in the Stony River, and are significantly Ay, ROYNT
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dry year in 1976 are factors which may be of importance in

asscssing the differences which occur,

&) D)

& © a o A + f [
The major impacts this mining operatlonﬁ appears to have

en the watershed are fluctuations in the flow and conductivity,

dilscharge of high levels of bacteria . in the sewage, and levels

af specific constituents reaching high concentrations in p
- A
P SRR

the discharges. The dilution by the river water paskd” these

changes except during low flow, hence the changes do not

appear to adversely affect the water quality.

‘

Lithough the taconite mining has not severely degraded the
water quality, a copper-nickel mine will have many different

jzroblems. This makes it necessary for baseline data

e

@ollection, and assessment of potential impacts such as the

Znvironnental Quality Council is currently doing.
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